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IN THE CLAIMS: 

Please enter the following claim set: 

1-5. (canceled) 

6. (previously presented) A semiconductor device having a non-volatile memory 
transistor having a split-gate structure, the semiconductor device comprising: 

a semiconductor substrate of a first conductivity type having a memory region; 

a first well of a second conductivity type located in the memory region; and 

a second well of a first conductivity type located in the first well, wherein the non- volatile 
memory transistor includes a source and drain that are located in the second well; 

wherein the non- volatile memory transistor is operated using voltages including positive 
and negative voltages; 

wherein, for writing data in the non-volatile memory transistor, a voltage in an opposite 
polarity is applied to the control gate, a voltage in one polarity is applied to one of the source and 
the drain, a voltage in the opposite polarity is applied to the other of the source and the drain, a 
voltage in the opposite polarity is applied to the second well, and a voltage in the one polarity is 
applied to the first well; 

wherein, for erasing data in the non-volatile memory transistor, a voltage in the one 
polarity is applied to the control gate, a voltage in the opposite polarity is applied to one of the 
source and the drain, a voltage in the opposite polarity is applied to the other of the source and 
the drain, a voltage in the opposite polarity is applied to the second well, and a voltage in the one 
polarity is applied to the first well; 

wherein, for writing data in the non-volatile memory transistor, a voltage of -3 V through 
-4 V is applied to the control gate, a voltage of +3 V through +4 V is applied to one of the source 
and the drain, a voltage of -5 V through -6 V is applied to the other of the source and the drain, a 
voltage of -5 V through -6 V is applied to the second well, and a voltage of +0.9 V through +3.3 
V is applied to the first well; and 

wherein, for erasing data in the non- volatile memory transistor, a voltage of +6 V through 
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+7 V is applied to the control gate, a voltage of -5 V through -6 V is applied to one of the source 
and the drain, a voltage of -5 V through -6 V is applied to the other of the source and the drain, a 
voltage of -5 V through -6 V is applied to the second well, and a voltage of +0.9 V through +3.3 
V is applied to the first well. 

7-14. (canceled) 

1 5 . (currently amended) A semiconductor device having a non- volatile memory 
transistor according to claim 1 4 , having a split-gate structure, the semiconductor device 
comprising: 

a semiconductor substrate of a first conductivity type having a memory region: 

a first well of a second conductivity type located in the memory region; 

a second w ell of a first conductivity type located in the first well wherein the non-volatile 

memory transistor includes a source and drain that are located in the second well : 

wherein the non- volatile memory transistor has a gate insulation layer, a floating gate, a 

control gate and an int ermediate insulation layer functioning as a tunnel insulation layer, wherein 

the gate ins ulation layer is located above the second well and between one of the source 

and drain and the other of the source and drain. 

the floating gate is located above the first gate insulation layer. 

the intermediate insulation layer is located above the floating gate and the semiconductor 

substrate, and 

the control gate is located above the intermediate insulation layer and rests on the floating 

gate through the intermediate insulation layer: 

wherein th e semiconductor substrate includes first, second and third transistor regions 

including field effect transistors that operate at different voltage levels, wherein 

the first tra nsistor region includes a first voltage-type transistor that operates at a first 

voltage level 

the second transistor region includes a second voltage-tvpe transistor that operates at a 

second voltage level and 

the third transistor region includes a third voltage-type transistor that operates at a third 
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voltage level. 

wherein the second volta ge-type transistor has a gate insulation layer formed from at 

least two insulation layers, and incl udes an insulation laver that is formed in the same step in 
which a g ate insulation layer of the first voltage-type transistor is formed: 

wherein the third voltag e-type transistor has a gate insulation laver formed from at least 

three insulation layers, and includes a n insulation laver that is formed in the same step in which 
the gate i nsulation laver of the first voltage-type transistor is formed. 

wherein the intermediate insulation laver of the non-volatile memory transistor is formed 

from at least three insu lation layers, wherein first and second outermost layers of the three 
insulation layers respectively contact t he floating gate and the control gate and are formed from a 
thermal oxidation method: 

wherein the intermediat e insulation laver includes an insulation laver between the first 

and the se cond outermost layers, that is formed by a CVD method: and 

wherein the insulation layer between the first and second outermost layers that is formed 

by a CVD method is a silicon oxide layer formed by a CVD method selected from a group 
consisting of a HTO (high temperature oxide) method and a TEOS (tetraethyl orthosilicate) 
method. 

16-21. (canceled) 

22. (currently amended) A semiconductor device having a non-volatile memory 
transistor according to claim 1 4 , having a split-gate structure, the semiconductor device 
comprising: 

a semiconductor substr ate of a first conductivity type having a memory reg ion; 

a first well of a second conductivity type located in the memory region: 

a second well of a first co nductivity type located in the first well, wherein the non-volatile 

memory transistor inclu des a source and drain that are located in the second well : 

wherein the non-volatile memory transistor has a gate insulation laver. a floating gate, a 

control gate and an intermediate insul ation laver functioning as a tunnel insulation laver. wherein 
the gate insulation laver is located above the second well and between one of the source 
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and drain and the other of the source and drain, 

the floating gate is located above the first gate insulation layer. 

the intermediate insulat ion layer is located above the floating gate and the semiconductor 

substrate, and 

the control gate is locate d above the intermediate insulation layer and rests on the floating 

gate through the intermediate insulation layer: 

wherein the semicondu ctor substrate includes first, second and third transistor regions 

including field effect transistors that operate at different voltage levels, wherein 

the first transistor regio n includes a first voltage-type transistor that operates at a first 

voltage level. 

the second transistor r egion includes a second voltage-tvpe transistor that operates at a 

second voltage level, and 

the third transistor region in cludes a third voltage-tvpe transistor that operates at a third 
voltage level. 

wherein the second volt age-type transistor has a gate insulation layer formed from at 

le ast two insulation layers, and includes an insulation layer that is formed in the same step in 
which a gate insulation layer of the first voltage-type transistor is formed: 

wherein the third voltag e-type transistor has a gate insulation layer formed from at least 

three insulation layers, and includes an insulation layer that is formed in the same step in which 
the gate ins ulation layer of the first voltage-tvpe transistor is formed. 

wherein the intermedia te insulation layer of the non-volatile memory transistor is formed 

from at least three insu lation layers, wherein first and second outermost layers of the three 
insulation layers respectively contact t he floating gate and the control gate and are formed from a 
thermal oxidation method: 

wherein the intermedia te insulation layer includes an insulation layer between the first 

and the sec ond outermost layers, that is formed by a CVD method: and 
wherein the first outermost layer that forms the intermediate insulation layer of the non- 
volatile memory transistor has a film thickness of 5 - 15 nm, and the second outermost layer has 
a film thickness of 1 - 10 nm, and the layer formed between the first and the second outermost 
layers comprises a silicon oxide layer having a film thickness of 10 - 20 nm. 
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23. (canceled) 

24. (previously presented) A semiconductor device having a non-volatile memory 
transistor having a split-gate structure, the semiconductor device comprising: 

a semiconductor substrate of a first conductivity type having a memory region; 

a first well of a second conductivity type located in the memory region; 

a second well of a first conductivity type located in the first well, wherein the non-volatile 
memory transistor includes a source and drain that are located in the second well; 

wherein the non-volatile memory transistor has a first gate insulation layer, a second gate 
insulation layer, a floating gate, a control gate and an intermediate insulation layer functioning as 
a tunnel insulation layer; 

wherein the first gate insulation layer and the second gate insulation layer are located 
above the second well and between one of the pair of source and drain and the other of the pair of 
source and drain, the floating gate is located above the first gate insulation layer, the intermediate 
insulation layer is located above the floating gate, and the control gate is located above the 
second gate insulation layer and rests on the floating gate through the intermediate insulation 
layer; 

wherein the semiconductor substrate includes first, second and third transistor regions 
including field effect transistors that operate at different voltage levels, wherein the first 
transistor region includes a first voltage-type transistor that operates at a first voltage level of 1.8 
- 3.3 V, the second transistor region includes a second voltage-type transistor that operates at a 
second voltage level of 2.5 - 5 V, and the third transistor region includes a third voltage-type 
transistor that operates at a third voltage level of 10 - 15 V; and 

wherein the second voltage-type transistor has a gate insulation layer formed from at least 
two insulation layers, and includes an insulation layer that is formed in the same step in which a 
gate insulation layer of the first voltage-type transistor is formed. 

25. (canceled) 
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26. (currently amended) A semiconductor device having a non-volatile memory 
transistor according to claim 25, having a split-gate structure, the semiconductor device 
comprising: 

a semiconductor substrate of a first conductivity type having a memory region; 

a first well of a second conductivity type located in the memory region; 

a second well of a first conductivity type located in the first well wherein the non- volatile 

memory transistor includes a source and drain that are located in the second well ; 

wherein the non-volatile memory transistor has a gate insulation layer, a floating gate, a 

control gate and an intermediate insulation layer functioning as a tunnel insulation layer, wherein 

the gate insulation layer is located above the second well and between one of the source 

and drain and the other of the source and drain, 

the floating gate is located above the first gate insulation layer, 

the intermediate insulation layer is located above the floating gate and the semiconductor 

substrate, and 

the control gate is located above the intermediate insulation layer and rests on the floating 

gate through the intermediate insulation layer; 

wherein the semiconductor substrate includes first, second and third transistor regions 

including field effect transistors that operate at different voltage levels, wherein 

the first transistor region includes a first voltage-type transistor that operates at a first 

voltage level 

the second transistor region includes a second voltage-type transistor that operates at a 

second voltage level and 

the third transistor region includes a third voltage-type transistor that operates at a third 
voltage level 

wherein the second voltage-type transistor has a gate insulation layer formed from at 

least two insulation layers, and includes an insulation layer that is formed in the same step in 
which a gate insulation layer of the first voltage-type transistor is formed; 

wherein the semiconductor device further comprises at least a flash-memory (flash 

EEPROM), wherein the flash-memory includes a memory cell array comprising non- volatile 
memory transistors and peripheral circuits formed therein; and 
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wherein the semiconductor device further comprising comprises another circuit region 

mixed together with the flash-memory (flash EEPROM) on the substrate. 

27. (previously presented) A semiconductor device having a non- volatile memory 
transistor according to claim 26, wherein the circuit region includes at least a logic circuit. 

28-32. (canceled) 

33. (currently amended) A semiconductor device according to claim 1, wher e in 
having a non-volatile memory transistor having a split-gate structure, the semiconductor device 
comprising: 

a semiconductor substrate of a first conductivity type having a memory region; 

a first well of a second conductivity type located in the memory region; and 

a second well of a first conductivity type located in the first well wherein the non- volatile 

memory transistor includes a source and drain that are located in the second well; 

wherein the semiconductor substrate further includes first, second and third transistor 
regions including first, second and third field effect transistors that operate at different voltage 
levels, the second field effect transistor including a gate insulation layer formed from two silicon 
oxide layers, and the third field effect transistor including a gate insulation layer formed from 
three silicon oxide layers. 

34. (currently amended) A semiconductor device according to claim 31, having a 
non- volatile memory transistor having a split-gate structure, the semiconductor device 
comprising: 

a semiconductor substrate of a first conductivity type having a memory region; 

a first well of a second conductivity type located in the memory region; 

a second well of a first conductivity type located in the first well, wherein the non- volatile 

memory transistor includes a source and drain that are located in the second well; 

wherein the non- volatile memory transistor having a split gate structure comprises a 

source, a drain, a gate insulation layer, a floating gate, an intermediate insulation layer adapted to 
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act as a tu nnel insulation layer, and a control gate, wherein the intermediate insulation layer is 
composed of at least three insulation layers, wherein a first layer of the three insulation layers 
contacts the floatine g ate, a third layer contacts the control gate, and a second laver is located 
between the first and third layers: and 

wherein the second layer of the intermediate insulation layer is silicon oxide. 

35. (previously presented) A semiconductor device according to claim 33, wherein the 
non-volatile memory transistor includes a source, a drain, a gate insulation layer, a floating gate, 
an intermediate insulation layer adapted to act as a tunnel insulation layer, and a control gate, 
wherein the intermediate insulation layer includes at least three insulation layers, wherein a first 
layer of the at least three insulation layers contacts the floating gate, a third layer of the at least 
three insulation layers contacts the control gate, and a second layer of the at least three insulation 
layers is located between the first and third layers, wherein the first, second, and third layers each 
comprise silicon oxide. 
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